Bamboo fibre reinforced composites are not fully utilised due to the limited understanding on their mechanical characteristics. In this paper, the effects of alkali treatment and elevated temperature on the mechanical properties of bamboo fibre reinforced polyester composites were investigated. Laminates were fabricated using untreated and sodium hydroxide (NaOH) treated (4 to 8% by weight) randomly oriented bamboo fibres and tested at room and elevated temperature (40, 80 and 120 o C). An improvement in the mechanical properties of the composites was achieved with treatment of the bamboo fibres. An NaOH concentration of 6% was found optimum and resulted in the best mechanical properties. The bending, tensile and compressive strength of this composite is 44.2, 21.0, 111.2 MPa, respectively while the stiffness is 4.0 GPa which are 7, 10, 81, and 25%, respectively higher than the untreated 
Introduction
Synthetic fibres such as glass, carbon and aramid have been used for several years in many applications varying from aerospace components to civil infrastructures. However, the high production and material costs of these fibres limit their wider use for the development of composite materials. As a result, there is an increasing interest in utilizing the less expensive natural fibres as reinforcement in composites because of their added advantages such as lightweight, renewability and biodegradability. Joshi et al. [1] also revealed that natural fibres are environmentally superior to glass fibres making them an emerging and realistic alternative to synthetic fibres in some engineering applications. It is anticipated therefore that the use of sustainable natural fibres in the development of new generation composites will be a necessity and will play a crucial role in the near future.
Among the well-known natural fibres, bamboo has one of the most favourable combinations of low-density and high stiffness and strength [2] . Nugroho and Ando [3] indicated that these properties of bamboo make them a promising material for the manufacture of various engineered composite products. However, it is only in recent years that the interest in utilising bamboo as reinforcing materials for composites is increasing because of limited availability of the fibres [2] . This is because it is technically difficult and expensive to extract long and straight bamboo fibres [4] [5] . Another significant challenge in using bamboo is the inherent flaws within fibres which reduce their compatibility with polymer matrices resulting in poor mechanical properties of the composites [6] . This is due to the hydrophilic nature of natural fibres and the hydrophobic nature of the polymer matrix but their poor compatibility can be improved by fibre surface modifications using chemical treatments.
While many researchers have developed composites with natural fibres, the work on bamboo fibre reinforced composites is still very limited. Most of the studies focused mostly on tensile strength characterisation, thus Khalil el at. [5] suggested that more analysis and testing are warranted to comprehensively characterise the mechanical properties of bamboo fibre based composites. Similarly, investigation on the behaviour of such composites under elevated temperature is scarce. There is a need therefore to comprehensively investigate the mechanical properties of composites utilising bamboo fibres in order to increase its acceptance and wider use in the composites industry.
In this study, bamboo fibres were treated with different levels of alkali solution and infused with polyester resin to produce the composites. Experimental investigation using coupon specimens following ISO and ASTM test standards were performed to characterise the effect of alkali treatment on the flexural, tensile and compressive properties of the bamboo fibre-polyester composites at room and elevated temperature. It is expected that the results of this study will provide information to support the development and application of cost-effective and eco-friendly bio-composites utilizing bamboo fibre through an evaluation and understanding of their mechanical characteristics.
Background
Bamboo is a widely available material in many parts of the world and has been used extensively as a substitute to wood in making furniture and low-cost housing. It is estimated that more than 2.5 billion people depend on the use of bamboo [7] . Bamboo is found in abundance in Asia and South America [5] . In Australia, bamboo has been in small-scale cultivation in several areas of Queensland for more than 20 years [8] wherein the current market is for shoots and culm production. However, the Australian market has long been importing bamboo products for housing and construction such as flooring, laminates, composite board, and chipboard. Thus, a study that supports the development and adaptation of more renewable materials while providing the construction and building industry with an alternative and environmentally sustainable materials such as bamboo is warranted.
Despite its high mechanical properties, biodegradability and low cost, bamboo is not fully utilized in modern construction due to its cylindrical shape requiring special joints and connections. Consequently, bamboo fibres are extracted and used as reinforcement for polymer composites to practically apply the benefit of bamboo in various engineering systems. Takagi and Ichihara [9] indicated that bamboo fibre is one of the most attractive candidates as a strengthening natural fibre. It has several advantages, such as the environmental load is small, because it is renewable yearly and it grows rapidly, and the bamboo fibre has relatively higher strength compared with jute and cotton fibres. Rao and Rao [4] indicated that bamboo fibres are stiffer but weaker than banana and sisal fibres, which are two of the mostly utilised natural fibres. Amada et al. [10] estimated the tensile strength, modulus and bulk density of bamboo culm is around 50 MPa, 2 GPa and 670 kg/m 3 and that of fibre is 610 MPa, 46 GPa and 1160 kg/m 3 , respectively. Added to these advantages, bamboo is typical of unutilised natural bio-resources. The favourable properties of bamboo fibres have led researchers to investigate its potential use as reinforcement in composites. Mohanty and Nayak [11] developed short bamboo fibre reinforced HDPE polyester composites with varying fibre content. They found that the bamboo composites possess good tensile and flexural strength with fibre loading from 10 to 30%, beyond which there was a decline in the mechanical strength. Takagi and Ichihara [9] fabricated green composites from starch-based resin and short bamboo fibres wherein they found that the strength of bamboo fibre reinforced composites were strongly affected by fibre aspect ratio. Wong et al. [12] conducted investigation into the effect of bamboo fibre length to tensile properties. Their research concluded that very short fibres detracted from the strength of the unreinforced composites. Manalo et al. [13] compared the mechanical properties of bamboo fibre composites made from non-woven textile, foam core, and randomly oriented fibres. Their results indicated that the good mechanical properties of bamboo composites can certainly have an edge over conventional panel products used in the housing and construction industry. However, these researchers have highlighted the need to modify the surface of bamboo fibres to enhance its bond with the polymer matrix to effectively utilise the high strength of bamboo fibres in the developed composites. Different chemical treatments are now possible to modify the structure and surface of the natural fibres to improve the bonding with matrix and to enhance composite properties. Mohanty et al. [14] indicated that alkaline treatment is one of the mostly used and least expensive chemical treatments given to natural fibres. This treatment removes a certain amount of lignin, wax and oil covering the external surface of the fibre cell wall resulting in an increase in the amount of cellulose exposed on the fibre surface. The alkaline treatment also reduces the aggregation of fibre in the matrix and increases surface roughness which improves the interlocking between the fibre and matrix [15] [16] . However, not much of work has been done to investigate the effect of chemical treatment on the mechanical properties of bamboo fibre reinforced polyester composites which warrant further investigation.
Another limitation of natural fibres is their tendency to degrade at lower temperature compared to synthetic fibres. The majority of natural fibres including bamboo have low degradation temperature [17] . Temperature also plays an influential role in the thermal stability of natural fibre composites, where it causes direct thermal expansion or contraction and affects the rate and volume of moisture absorption that leads to fibre swelling [18] . While the thermal degradation of some natural fibres have been investigated [19] [20] , very limited efforts have been made to investigate the effect of elevated temperature on the mechanical properties of composites containing bamboo fibres. Moreover, the effect of elevated temperature on the mechanical properties of alkali treated bamboo fibres has not yet been investigated.
Materials and Methods

Bamboo fibres and polyester resin
Randomly oriented bamboo fibres obtained through steam explosion process and with lengths ranging from 40 to 60 mm were used in this study. The average diameter of the bamboo fibres is 161.52 µm. Polyester resin (AROPOL 1472/25P Infusion), which was supplied by Nuplex Composites Australia, was used as the matrix in the production of composites. This type of resin is selected as it is reactive and used for rapid cure at room temperature. The catalyst (Butanox M-50) was added for curing at a quantity of 1.5% by weight of the polyester resin. The properties of the neat polyester resin were determined experimentally and are listed in Table 1 . 
Fibre preparation
The bamboo fibres were washed thoroughly with tap water to remove any debris, dirt and undesired substances and then dried at an atmospheric temperature (25 o C) prior to treatment. The bamboo fibres were treated with sodium hydroxide (NaOH) solution at 4%, 6%, and 8% by volume of water. The bamboo fibres were soaked in NaOH solution for 3 hours at room temperature. The fibres were then washed twice with distilled water to allow absorbed alkali to leach from the fibre. The washed fibres were dried at room temperature for 8 hours, and then oven dried at 50°C for another 6 hours. The dried fibres were stored in a sealed plastic bag to avoid atmospheric moisture contamination prior to composite processing.
Composites preparation
The composite laminates were prepared in 400 mm x 400 mm panels with a fibre fraction of approximately 20% by weight. The laminates were produced using the vacuum bagging process as shown in Figure 1 . In this process, a pressure of 92 bar is applied to the fibres through a vacuum bag which is properly sealed with adhesive tape along its perimeter. In the production of composites, the bamboo fibres were randomly oriented and placed on the infusion table. A transparent glass was applied on top to ensure that the fibres are evenly distributed and to maintain the thickness of the panel. Once the fibres were fully impregnated with the matrix, the composite was then cured under vacuum at room temperature for 24 hours. The samples were then taken off the mould and pre-cured at 80 o C for 5 hours before cutting into required specimen dimensions. 
Test procedure
The experimental investigation using coupon specimens were performed following the ISO and ASTM test standards to characterise the flexural, tensile, and compressive properties of the bamboo fibre reinforced polyester composites. Six replicates for each specimen type were cut and tested. The dimensions of the coupon specimen and standards followed for the different tests are listed in Table 2 . Figure 2 shows the different test set-up. The flexural behaviour was determined under a 3-point static bending test (Figure 2a ) while the compressive test was conducted using the Wyoming Modified Celanese Compression test fixture (Fig. 2b) . The tensile test was conducted using a 10 kN MTS machine with the load applied at a rate of 1.3 mm/min. Laser displacement transducer was used to measure the elongation of the specimen (Figure 2c ).
From the characterisation of composites with different levels of alkali treatment, the % NaOH that results in optimum mechanical properties was determined and used in the investigation on the effects of elevated temperature. At elevated temperature, the specimens were tested in the Instron environmental chamber ( Figure 3 shows the typical stress-strain curve for bamboo composites under bending. In this figure, 0%, 4%, 6%, and 8% represent the composites with the bamboo fibres treated with different levels of NaOH solution. All specimens exhibited an almost linear elastic stressstrain curve before any failure was observed. The specimens with untreated bamboo fibres (0% NaOH) failed at an average bending stress of 41.2 MPa and strain of 1.8% while the 4% NaOH specimens failed at a stress of 41.7 MPa and strain of 1.5%. On the other hand, the specimens with the bamboo fibres treated with 6% NaOH failed at a bending stress of 44.2
Results and observations
Mechanical behaviour of NaOH treated bamboo composites
Flexural behaviour
MPa and strain of around 1.5% while the 8% NaOH specimens failed at an average stress of 39.6 MPa and a strain of 1.7%. Interestingly, Osorio et al. [2] reported that the failure strain of bamboo fibre composites in flexure between 1.4 to 1.7%. This shows that the bamboo fibres started to break at this level of strain which resulted in the failure of the composites. As can also be seen from the figure, the stiffness of composites with chemically treated fibres (4 to 8% NaOH) is higher than the untreated specimens indicating that the pre-treatment of the bamboo fibres enhances the flexural behaviour of the composites.
In comparison with the properties reported in Table 1 , the flexural strength of the bamboo composites is only 50 to 55% of the neat polyester resin but the flexural stiffnes is up by 30%. This shows that the bamboo fibres do not act effectively as reinforcement to the polyester resin which results in the flexural strength dominated by the matrix properties but provide some stiffening effect on the polyester resin. This is because the fibres are randomly oriented throughout the matrix. As expected, the results indicated that the composites with the bamboo fibres treated with NaOH solution exhibit a higher flexural strength and stiffness than the untreated composites. Similarly, the composites did not fail abruptly which is in contrast with the brittle behaviour of the neat polyester resin as reported in Manalo et al. [13] .
It is believed that the crack growth at the tensile side of the specimen is retarded by the fibres which prevented the immediate failure as also indicated by the nonlinear stress-strain curve in with a failure strain between 0.4 and 0.6%. This shows that the tensile strength of the composites is roughly 52 to 67% of the strength of the neat polyester. This can be explained by the orientation of the bamboo fibres within the composites. Mylsamy and Rajendran [21] indicated that the tensile properties in a composite depend mainly on the fibre orientation and the adhesion between the fibres and the matrix. The fibres should be also long along the direction of the load to effectively utilize its high tensile strength [3] . As the bamboo fibres are randomly oriented in the laminates, only the fibres which are oriented perpendicular to the load provided reinforcement to the composites. This is similar to the observation of Wong et al. [12] wherein they noted that only the longitudinal fibres contributes in the energy dissipation and in crack retardation in short bamboo fibre reinforced polyester composites.
They added that the lower tensile strength of the composites than the neat resin is also due to the relatively short bamboo fibres. Takagi and Ichihara [9] mentioned that that bamboo fibres with a small aspect ratio (less than 20) do not act as reinforcement but only as filler. This explains why the strain at failure of the composites is lower compared to the tensile failure strain of long bamboo fibres.
All specimens failed in the gauge length as shown in Figure 6 . For specimens with untreated fibres, a clean fracture was observed which suggests that the tensile behavior of the composites is governed by the more brittle polyester resin than the fibres. A close inspection under the microscope at the failure surface revealed that the bonding between the fibre and matrix was poor. With low interlocking strength, the fibres can easily slip through the polyester resin, leading to failure of composites through fibre pull-out as shown in Figure 7a .
On the other hand, the composites with treated fibres failed due to matrix cracking with some fibre breakage indicating that the fibres contributed to the overall tensile strength. There were also obvious traces of polyester resin still adhered to the fibres as shown in Figure 7b . This type of failure is an indication that the adhesion between the fibre and the matrix was not lost and the failure process was dominated by the matrix material properties. Figure 8 shows the stress and strain relationship of the bamboo fibre polyester composites under compression. A linear elastic behaviour was observed at lower level of stress but became nonlinear at higher level of stress and strain for all specimens. This behaviour is expected as Sigley et al. [22] indicated that polyester resins are usually brittle in flexure and tension but show considerable ductility in compression. Under compressive load, the specimens 0%, 4%, 6%, and 8% NaOH failed at an average stress of 61.2, 84.6, 111.2, and 64.1 MPa, respectively, with the failure strain occurring between 2.5 to 5.2%. Mylsamy and Rajendran [21] suggested that the most important parameter controlling the compression properties of fibre composites is the interfacial adhesion between the fibre and matrix. Thus, higher compressive properties are expected for composites with treated bamboo fibres than the untreated samples as the resin can easily wet and impregnate the fibres. In the study, the composites with bamboo fibres treated with 6% NaOH exhibited the highest compressive strength (3% higher than that of the neat polyester resin) while the strength of other specimens is only between 56 to 78% of the neat resin. Figure 9 shows the failure behavior of bamboo composites in compression. It can be seen in Figure 9a that the weak fibre-matrix interface of composites with untreated fibres resulted in the shear crimping failure leading to lower failure strength than that of composites with treated fibres. This type of failure is due to the low fracture strain of bamboo fibres and the poor adhesion between the matrix and the fibres. In contrast, the better transfer of stress from the matrix to the bamboo fibres treated with 6% NaOH resulted in this specimen failing in shear as shown in Figure 9b . Figure 10 shows the typical stress-strain curve for bamboo composites tested in bending under elevated temperature. In this figure, RT, 40C, 80C and 120C represent the specimens tested at room temperature ( C, respectively. Moreover, the specimen became more ductile and failed at a higher strain with increasing temperature. This is because of the softening of the polyester matrix at elevated temperature.
Compressive behaviour
Flexural behaviour
The almost same level of flexural strength exhibited by the composites when tested under RT, 40 and 80 o C could be due to the reorientation of the fibre during the softening of the resin. Moreover, the softening of the resin at these levels of temperature resulted in the bonding between the fibres and the resin being slightly enhanced. As a result, the composites with and without chemical treatment exhibited almost the same strength and stiffness when tested at elevated temperature. This also suggests that the matrix played a major role in the overall behaviour of the composites at elevated temperature.
The softening of the poleyster resin at higher temperature can also be observed from the failure behaviour of the composites shown in Figure 11 . At RT, a brittle failure mode at the centre of the samples was observed and resulted in a rough fractured surface. At elevated temperature, the fractured surfaces of treated and untreated composites were quite similar. At C. This indicates that the sample was broken as a result of softening of the polymer matrix and the specimens failed more gradually with the progressive failure and pull-out of the bamboo fibres. At 120 o C, a high deformation was observed and multiple cracks were apparent in the composites. This explains the gradual drop in stress on the stress-strain curves, whereby as crack propagation is hindered by the fibres, another crack propagates at a different point on the specimen. The specimens did not break completely into halves as experienced at lower temperature, due to the the fibres remaining unbroken at the end of the test. This also suggests that the fibres are still able to carry some load, as long as the fibre/matrix adhesion remains intact. Figure 12 shows the tensile stress-strain curve for bamboo composites under elevated temperature. It can be observed that as the temperature increases, the stress-strain relationship curves changes from linear elastic to nonlinear. The curves at 40 o C are similar to the stressstrain diagram obtained at RT with slightly lower stiffness. At 80 o C, the slope gradually becomes less steep with the maximum stress was maintained for a few seconds before failure. As the temperature reaches 120 o C, the composites failed at a lower strength but with a very high percentage of strain. The specimen with untreated and treated (6% NaOH) bamboo fibres tested at RT failed at an average tensile stress of 19.0 and 21.0 MPa, respectively. Interestingly, both composites with treated and untreated fibres exhibited almost the same tensile strength when the temperature increases. The composites tested at 40, 80 and 120 o C failed at an average tensile stress of around 21, 22 and 9 MPa, respectively. (Figure 13a ) by brittle fracture, which was also indicated by the abrupt drop in the stress-strain curve. It was also apparent that the untreated composites have more fibres exposure on its fractured surface at 40 o C than the treated composites. This is due to the poor fibre/matrix adhesion of the untreated composites which allowed the fibres to slip out from the polyester, while a better grip on the treated composites had caused fibres to break instead. With increasing temperature, bond failure between the fibres and matrix was responsible for specimen failure due to the softening of the resin matrix.
Tensile behaviour
At 80 o C, which is the midpoint between the solid phase of the polyester and its Tg, a transitional behaviour can be expected. The decrease in slope steepness suggests that the composites undergo a reduction in stiffness, while the plateau on the curves before the drop shows a semi-ductile failure. This behaviour suggests that at 80 o C, the polyester have started to soften. As the Tg is reached, the polyester resin became very ductile, while the addition of fibres provided some stiffness and hindered the mobility of the polymer's molecular chains. The increase in the tensile strength at this temperature proves that the softening of the matrix had allowed the fibres to be pulled in the direction of the tensile loading, rearranging themselves for better stress transfer. Figure 13b shows a slightly inclined failure surface along the width of the specimen tested at 80 o C. As the bamboo fibres used are randomly oriented, this makes the loading on every fibres unequal. The resin can transfer stress between fibres however, as the temperature increases, the resin becomes soft and malleable, thus weakening the overall structure. At 120 o C, the debonding of fibres from the matrix and shear failure between the same fibres was observed (Figure 13c ). This gradual failure indicates that only the fibres resist the tensile load as the polyester softens. Similarly, the deterioration of the fibre/matrix adhesion at 120 o C causes gradual separation between the fibre and the matrix upon the application of the tensile force. 
Compressive behaviour
The compressive stress-strain behaviour of bamboo composites at elevated temperature is shown in Figure 14 . In this test condition, the composites exhibited nonlinear behaviour. This is due to the behaviour governed more by the polyester resin than the fibres. With increasing temperature, there is a significant reduction in the strength and stiffness of the composites. It is interesting that the compressive strength of the composites with untreated fibres is higher when tested at 40 o C than at RT. This could be because of the slight softening of the polyester which improves the bonding between the fibres and the matrix. Besides, the composites with and without treatment exhibited similar stress strain behaviour at elevated temperature. The specimens tested at 40, 80 and 120 o C failed at a compressive stress of around 95, 58 and 26 MPa, respectively. The ultimate strain of all specimens increases with increasing temperature due to the softening of the matrix. 
Discussion
Effect of alkaline treatment on mechanical properties
Flexural properties
The effect of fibre treatment on the flexural strength of bamboo fibre reinforced polyester composites is shown in Figure 16 . The results show that the flexural strength is slightly enhanced with treating the bamboo fibres with NaOH. The composites treated with 6 wt.% NaOH exhibited the highest flexural strength at 44.2MPa, which is 7% higher than that of the untreated composites. This enhancement is due to the removal of the hemicellulose, waxes, lignin and other impurities creating a rough surface topography on the bamboo fibres and offering a better fibre/matrix interfacial adhesion. The treatment also leads to fibre fibrillation which increases the effective surface area available for wetting by the matrix resin and hence, an increase in mechanical properties.
The enhancement in the flexural properties of composites with chemically treated fibres was also observed by other researchers. Aziz and Ansell [16] mentioned that polyester composites reinforced with hemp and kenaf fibres treated with 6% NaOH exhibited better flexural properties compared with untreated samples. Gourd and Rao [23] also recorded an almost 8% increase in flexural strength and modulus of alkali treated (5% solution) Roystonea regia fibre reinforced epoxy composites. Sinha and Rout [24] and Rokbi et al. [25] concluded that the alkali treatment has a significant effect on the flexural properties of composites due to the increased interface between matrix and fibre after treatment. However, they also suggested that there is an optimum level of alkali concentration, which minimises fibre breakage and results in better mechanical properties for the composites. There is a decline in the flexural strength of bamboo composites to 39.6 MPa when the fibres are treated with 8% NaOH. This decline in flexural strength at this concentration of NaOH can be explained by the loss of hemicellulose and lignin at the interfibrillar region, becoming the fibre less dense and rigid. This is similar to the findings of Das et al. [26] wherein the strength of the bamboo strip increases with alkali treatment up to 6% by weight but decreases at 8%. Rokbi et al. [25] also indicated that the flexural strength of the composites with the Alfa fibres treated with 10% NaOH is lower than that of the untreated composites by about 22%. The degradation of long chain cellulose molecules at the fibre interface at higher concentration of NaOH resulted in the weakening of the load transfer by the fibres and consequently, lowering the mechanical properties of the composites.
The application of NaOH treatment also affected the stiffness of bamboo fibre composites as shown in Figure 16b . The stiffness improved with alkali treatment, as exhibited by all treated composites. The composites with 6% treated fibres achieved the highest modulus of elasticity of 4.0 GPa, which is 25% higher than the untreated composites.
This increase in the flexural moduli of the composites is due to the efficiency of the interfacial adhesion between the fibre surface and resin matrix as indicated by Aziz and
Ansell [16] . Lee and Wang [27] also reported that the elastic modulus of bamboo fibre/poly (lactic acid) composite to increase from 2.7 to 2.9 GPa with the addition of a bio-based coupling agent. They further mentioned that the treatment of fibres by alkalisation helped improve the mechanical interlocking and chemical bonding between the resin and fibre, resulting in better performance by composites.
Tensile properties
The tensile strength of the bamboo composites with and without fibre treatment is shown in Figure 16c . Results show that treatment has some effect on the tensile strength of the bamboo composites. The composites with the bamboo fibres treated with 6% NaOH exhibited the highest tensile strength of 21.0 MPa, which is 10% higher than untreated composites (19.0 MPa). Compared to untreated composites, the tensile strength of specimens treated with 4% NaOH increased by 2.6%. The observed increase in the tensile strength of treated bamboo fibre-polyester composites is attributed to the removal of the impurities on the fibre surface.
This can be also explained by the fibrillation which increases the length/diameter ratio and enlarges the contact surface area of the fibre within the polymer matrix, producing a better fibre-matrix adhesion hence, increasing the strength. However, there was an obvious drop in tensile strength at 8% NaOH, with an 15% reduction compared to untreated composites.
The improvement in tensile strength of the fibres when treated at 4 and 6% NaOH may have also contributed to the slight increase in average tensile strength of their corresponding composites. Generally, the mechanical performance of fibre/polymer composites depends on the strength and modulus of the reinforcement, strength and toughness of the matrix, and the effectiveness of the interfacial stress transfer between the fibres and the matrix [28] . Nam et al. [29] also reported the improvement on the mechanical properties of composites using alkali treated fibres. In their investigation, an increase in tensile strength of coir/poly(butylene succinate) composites treated at 5% NaOH was achieved. They attributed the increased strength to the better wetting of the fibres due to the NaOH treatment.
The tensile strength of the composites is improved by the NaOH treatment. However, too high of alkali concentration can cause an excess removal of covering materials from the cellulose surface, which results in weakening or damaging of the fibre structure [30] . Thus, the decrease in strength for 8% NaOH can be attributed to the substantial delignification and degradation of cellulose chains during chemical treatment. A similar observation was reported by Misra et al. [31] wherein 5% NaOH treated sisal fibre-reinforced polyester composite exhibited a better tensile strength than 10% NaOH treated composites. Moreover, Lopattananon et al. [32] also found that the treatments with 5% NaOH provided the best improvement of tensile strength (28% increase) for pineapple leaf fibre composites when compared with that of untreated as well as chemically modified fibre with 1, 3, and 7%
NaOH. Similarly, Wong et al. [12] mentioned that the tensile properties might decrease at higher amount of chemical treatment, as the adhesion of fibre and the matrix becomes less.
Their scanning electron micrograph of fibre surface revealed that at higher percentage of the chemical treatment, not only the surface impurities were removed but also made the fibre surface smooth, which lessen the mechanical bonding between fibre and matrix. Thus, it can be concluded that the tensile strength of the bamboo composites may decrease after certain optimum NaOH concentration, which in this study was found at 6%. This concentration is just enough to remove the waxy material from the surface of the bamboo fibres resulting in an increased fibre-matrix interfacial strength and better properties of composites.
Compressive properties
The effect of fibre treatment on the compressive properties of bamboo fibre reinforced polyester composites is shown in Figure 16d . The results show that the compressive strength of composites is strongly changed with fibre treatment with optimum alkali concentration of 6%. The composites with the fibres treated with this level of NaOH exhibited the highest compressive strength of 110 MPa which is nearly 63% higher than the untreated samples.
The increase in the compressive strength for composites with treated up to 6% NaOH is due to the excellent fibre-matrix interface adhesion. It is also believed that the alkali treatment done on the bamboo fibres results in an improvement in the interfacial bonding by giving rise to additional sites of mechanical interlocking, hence promoting more resin/fibre interpenetration and resulting in higher compressive strength. A similar finding is also reported by Bisanda and Ansell [33] wherein they found a considerable enhancement in the compressive strength of sisal-epoxy composites due to silane treatment on the fibres. They mentioned that the mercerization greatly improved the resin pick-up of the sisal fibres.
Prasanna and Subbaiah [34] also reported a higher compressive strength for composites with banana fibres treated with NaOH than the untreated composites. On the other hand, a remarkable reduction in the compressive strength was found in the composites with fibres treated with 8% compared to 6% NaOH. Yan et al. [35] explained that this can be due to high concentration of chemical treatment which damages the fibres and weakens the bond with the resin matrix.
Effect of elevated temperature on mechanical properties
Flexural properties
The effect of elevated temperature on the mechanical properties of composites with untreated and NaOH treated bamboo fibres is shown in Figure 17 . As can be seen in Figure 17a [36] on E-glass fibre/polyester composites, wherein a slight increase of tensile strength was observed at 100 o C, gradually decreasing beyond this temperature. This behaviour may be caused by evolution of the linkage state of the polyester resin. Post-cure or further cross-linking of most thermosets occurs at elevated temperatures prior to the decomposition processes when the temperature reaches near or higher than the Tg [37] . Another probable reason is better fibre/matrix interlocking due to the softening of the matrix. With the more flexible molecular chains, the polyester may be able to penetrate the fibres further and reduce the voids within the composites. This also allowed the fibres to be rearranged in the direction of the applied load. As discussed by Manalo et al. [13] , only fibres arranged in the direction of the loading will contribute to the tensile strength of a composites. As the fibres are able to move throughout the loading process, more fibres will participate in the load resistance of the composite. Obviously, the slightly higher mechanical properties of alkali treated composites compared to untreated ones is due to the better interfacial adhesion of the fibre and matrix; this advantage remained unchanged even at higher temperature. Figure 17d shows that the compressive properties of composites with treated bamboo fibres is higher than that of untreated composites when tested at RT. However, the compressive strength is almost similar for both treated and untreated composites at elevated temperature. When tested at 40 o C, there is a significant increase in the compressive strength of composites with untreated bamboo fibres. This was due to the resin starting to soften which slightly improves the bonding of the matrix and the fibres. As expected, the compressive properties decrease when tested at 80 and 120 o C due to the softening of the polyester resin. It can be seen that the ultimate compressive strength of the bamboo composites, regardless of treated or not, decreases when the temperature increases from RT to 120 o C. For untreated composites, the ultimate compressive strength decreases from 61.2 to 26.5 MPa while for treated composites, the ultimate strength decreases from 111.2 to 27.0 MPa. According to Liu et al. [38] , the matrix is strong and the fibres carry much of the load when the temperature is low. When the temperature is high, the matrix is softened and could not support the fibres in carrying the load resulting in the overall decrease in the strength of the composites. The increase in the compressive strength of the untreated composites when tested at 40 o C can be explained by the improvement of the adhesion between the bamboo fibres and the polyester resin. In fact, Khalil et al. [5] indicated that the increase in temperature generates new bonds which makes the matrix tightly close packed system, increasing the adhesion between the matrix and the fibres leading to better mechanical properties. Azwa and Yousif [39] also observed a better fibre matrix bonding at lower temperature for kenaf/epoxy composites due to the removal of hydrophobic components on the fibre, allowing its better compatibility with the matrix. However, at high temperature, both composites suffer fibrematirx debonding due to softening of the matrix. This explains the significant decrease in the compressive strength of the bamboo composites when tested at 80 and 120 o C.
Compressive properties
Conclusion
The effects of alkaline treatment and elevated temperature on the mechanical properties of bamboo fibre reinforced polyester composites were investigated. Four levels of sodium chloride treatment (0, 4, 6, and 8% NaOH) for bamboo fibres were considered. From this result, the optimum level of alkali treatment was determined and was used in the investigation on the effect of elevated temperature. Coupon specimens were prepared and tested under bending, tension and compression. Based on the results of the study, the following conclusions are drawn:
 An improvement in the mechanical properties of the composites was achieved with the treatment of the bamboo fibres with sodium hydroxide. This improvement is due to the enhancement in the adhesion between the bamboo fibres and the polyester resin. Alkali concentration of 6% was found optimum and resulted in the best mechanical properties for bamboo composites. Bamboo composites with the fibres treated with this alkali concentration have bending, tensile and compressive strength and stiffness of 7, 10, 81, and 25% higher, respectively than the untreated composites.
 A reduction in the mechanical properties was observed for composites with bamboo fibres treated with 8% NaOH. This was attributed to the substantial delignification and degradation resulting in a damaged fibre weakening the load transfer and the bonding with the matrix. The bending and tensile strength of composites with 8%
NaOH treated bamboo fibres is 3 and 15% lower than the untreated composites.
However, the compressive strength and the stiffness are 12 and 4% higher than the untreated composites as the polyester resin governs these mechanical properties. 
